This study aims to determine the dysfunction caused by existing pathological condition in structures involved in the transfer of sensory functions of the neural system in cervical disc herniation, and to establish whether or not the level and degree of this anatomical damage can be anticipated by SEP (Somatosensorial Evoked Potentials).
INTRODUCTION
Somatosensory evoked potentials (SEPs) recorded at cervical cord levels have been intensively studied in recent years. It has been shown that evoked potentials of the spinal cord correspond to activity in the dorsal column pathways (2, 5, 7, 8, 9, 10, 11, 12, 16, 18) . Cervical disc disease of the cervical spine is one of the most common causes of cervical myelopathy or radiculopathy (5, 8, 9, 15) .
Magnetic resonance imaging (MRI) of the cord can show us several types of signal anomalies at the level of cord compression, but it obviously cannot give information about the cervical cord or radix dysfunction (9, 10) .
Somatosensory evoked potentials have been used to disclose abnormalities of ascending sensory pathways in cervical disc disease, spondylotic myelopathy and other pathological conditions (2, 7, 5, 9, 10, 11) .
We studied SEPs after stimulation of median nerve in 17 patients with cervical disc disease in order to assess the effectiveness of SEPs in detecting cervical cord or root damage. The recordings of pre and postoperative period were compared with each other after a rather long follow-up period.
MATERIAL and METHODS

Patients
This study includes a total of 17 patients who have undergone cervical disc surgery due to cervical disc herniation. 11 of them were female (64.7%), aged 37-67, with the mean age being 50.8 years. The age range in males was 33-52 with a mean age of 39.6 years. Preoperative clinical findings of the cases are shown in Table I .
Operative Indications
The common criterion for the selection is clinical progressive neurological deficit in cases with one or two-level disc herniation in the cervical spine (radiculopathy and/or myelopathy findings). The presence of persistent radicular pain not relievable despite conservative therapy, disc herniation in cervical MRI, and medullar compression symptoms and signs were accepted as indications for operation (3, 6, 5) . Cervical disc surgeries were performed as described by Cloward (14) .
One-level discectomy was performed in 9 out of 17 cases and two-level discectomies in 8 patients. Fusion with "cage" was achieved on 14 patients. Cage applications were done at one level on 9 cases and two levels on 5 cases. Soft disc herniation was observed in 13 cases (76.4%) and calcified disc herniation in 4 cases (23.6%). Free epidural disc fragment was found in one case (5.9%).
SEP Recording Technique
To determine SEP records, Medelec Sapphire 2E, 2-channel EEG-EMG device was used. Bilateral median SEP values were also recorded for all cases.
Statistical Assessment
Pre and post-operative first, third and sixth month median SEP values for the upper extremities were assessed on the basis of abnormality criteria described by Spehlman (13) . We compared the obtained SEP values for statistical significance using the Friedman Variation Analysis. In parameters with statistical significance, Wilcoxon Signed Range test was used to identify when significant improvements occurred (Table II) .
RESULTS
Clinical assessments of the cases at first postoperative month revealed no persistent radicular pain at previous pain sites in all cases. Radicular sensory loss was still present in 9 cases (52.9%). Sensory loss was not noted in 8 cases (47.1%). It was observed that radicular motor weakness was still present in 5 cases (29.4%) at follow-up examination in the first postoperative month.
No paravertebral muscle spasms occurred in any of the cases. Hypoactivity in deep tendon reflexes in the preoperative period were not observed in the first post-operative month. Improvement in motor power was observed in 11 patients with pre-operative radiculopathy and myelopathy findings.
In the third month postoperatively, as in the preoperative period, subjective sensory loss was observed in 3 cases (17.6%) and muscle power loss in 4 cases (23.5%) as in the preoperative period.
At month three, there was continued improvement in muscle power observed in the first month in cases with radiculopathy and myelopathy findings.
In the clinical assessment of the cases at sixth month postoperatively, sensory loss in two cases (11.7%) and muscle power loss in one case (5.1%) still persisted.
Preoperative and Postoperative SEP Findings of the Cases
Preoperative and, postoperative first, third and sixth month median SEP findings of upper extremities were assessed. We tried to find out whether the latency differences of all parameters, which we have statistically assessed for the median nerve SEP findings of the upper extremities including bilateral findings of bilateral cases, were meaningful in terms of the Friedman variance analysis. Consequently, we observed that the latencies of Erb-cervical (N9-N13), cervicalscalp (N13-N20), brainstem-scalp (N14-N20), Erb-Scalp (N9-N20) and Erb-N9 cervical, cervical-N11, cervical-N13, brainstem-N14, and scalp-N20, scalp-P25 were not statistically meaningful (p>0.05).
Bilateral cases were excluded due to the shortage of participants. We observed that the latency differences of all parameters, except for N14, were not statistically meaningful (p>0.05).
The study found that the statistical data of the latency of the N14 wave originating from the dorsal column nuclei of the medulla spinalis was statistically meaningful (p<0.05). Using the Wilcoxon Signed Range test, we studied postoperative months separately in regard to the difference in the latency of the N14 wave, and found the statistically significant improvement to be marked particularly at month 6 (p<0.05) and between months 3 and 6 postoperatively (p<0.05). Latency of N14 wave were much closer to normal values in these time periods (Figure 1 ).
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This improvement demonstrates that neurophysiologic and functional improvement took place in the posterior column functions of the patients in the postoperative period.
as a result of operative decompression. This is because it was shown that the N13 and N14 waves mainly derived from dorsal column nuclei and gray matter (13) . The latency value changes between months 3 and 6 postoperatively seemed as a value to be taken into account in the postoperative period for follow-up examinations.
In 1996, May et al. recorded the SEP values of 26 cases with multi-level, and 16 cases with single-level degenerative disc disease in preoperative, peroperative, and postoperative day 3 time points. Their main emphasis was whether SEP could be a factor of decision-making about surgical intervention and could have a prognostic value in the follow-up period (8) .
Their results confirmed that SEP results were greatly important and could also be utilized in peroperative monitoring and prognostic tests in the follow-up period.
An important study was reported by Restruccia et al. in 1992 suggesting that the differences of N13 wave latencies could be an evaluation method for subclinically-presented cervical myelopathic patients (9, 10, 11) . They also found that N13 wave latency differences showed dorsal column dysfunction in early phases of degeneration. In their studies, they also indicated that latency delay in N20 potential value was at the rate of 57.9% and this delay was proportional to the symptoms of the loss of sensation. They also stated that N14 potential delay could be useful in identifying the subclinical damage in dorsal column function. On the other hand, they found that N13 potential change was proportional with reflex deformations. Under the light of this knowledge, they suggested that N13 wave was mainly reflecting the function of medulla spinalis gray matter and latency extension of N13, N14 and N20 potentials formed in cervical myelopathy patients, resembling medulla spinalis dorsal column dysfunction.
It is pointed in many studies that abnormal latency difference of N14 potential in a myelopathic patient is directly proportional with the loss of feeling, regardless of any connection with radiological findings and an indicator of dorsal column compression. We observed a delay in N14 latency, similar with myelopathic patients, in our radiculopathic patients caused by cervical disc herniation (2,9,10,11).
Heiskari et al. identified in a similar study that SEP technique could be utilized functionally in the determination of pressure effects on cervical medulla spinalis or on cervical neural roots (5) . In a study analyzing SEP parameters in the preoperative and postoperative periods in 11 spondylotic myelopathy or disc herniation patients, Matsukado et al. pointed out that patients with severe compression evidences determined by SEP both in the preoperative and postoperative periods have become worse in the postoperative period (7) . Conclusively, we too observed that statistically significant N14 latencies in SEP findings were parallel with postoperative clinical recovery.
Sloan et al. reported in 1986 that signal changes in cortical SEP wave occurred during anterior cervical surgery, especially during retraction, as a finding that can show the efficacy of SEP monitoring during cervical surgical procedures (12) .
DISCUSSION
Somatosensory evoked potentials are used in the assessment of the transfer function of the knowledge of vibration and touch sensation from the peripheral nervous system to the central nervous system (1, 4, 13, 16, 17) . In the analysis of cervical spondylotic illness, Schram (4) showed in 1980 that it was possible to distinguish radiculopathy and myelopathy through analysis of SEP abnormalities using the simulation technique. It was observed that SEP abnormalities occurred only in the cases of myelopathy, whereas SEP findings within accepted limits and abnormalities of a single dermatome occurred in cases with radiculopathy symptoms. SEP changes were also observed in cervical radiculopathy cases. In addition to the findings of Schram, we also found that such a change could be statistically understandable and meaningful especially at N14 latency changes. We determined on which months such meaningful changes took place as seen in the N14 wave latency by using Wilcoxon Signed Range Test, and observed that this meaningfulness was dominant at month 6 (p<0.05) and between months 3 and 6 postoperatively (p<0.05). The change in the N14 wave latency was in the form of closeness to normal values compared with preoperative values ( Figure  1 ). This observation showed that functional recovery of patients, as predicted, improved posterior column functions SEP could be used in cervical disc herniation for investigation, in the analysis of sensory loss and dysfunction of medulla spinalis dorsal field that was created by the pressure effect of herniated disc material.
The findings obtained in the preoperative period were not peculiar to the diagnosis of cervical disc herniation. The findings obtained from SEP are useful in diagnosis as they come with clinical and anamnestic findings. It is simple to obtain SEP records, which make such an investigation easy to perform.
CONCLUSION
We suggest that SEP could be applied as an objective, numerical parameter for the identification of dorsal field ischemia created by the compression of cervical disc herniation. This method of investigation could also be used for detecting the improvement after cervical discectomy operation as a follow-up procedure.
